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Interest in minimally invasive direct coronary artery 
bypass (MIDCAB) grafting on the beating heart is 
growing. The premise for adopting these less invasive 
approaches is that patient morbidity can be reduced 
without compromising the safety and efficacy of the 
coronary artery bypass graft (CABG). Despite early 
encouraging clinical results reported by Benetti et al,l 
Buffolo et a1,2 Pfister et al,3 Subramanian et al,4 and 
Calafiore et al,5 CABG without cardiopulmonary by- 
pass (CPB) via midline sternotomy or minithoracotomy 
has met with concerns of technical limitations and 
efficacy of the anastomosis.6-s Recently, the introduc- 
tion of surgical instrumentation to facilitate internal 
mammary artery (IMA) harvest and mechanical local 
immobilization and stabilization of coronary artery 
target sites has enabled standardization of the surgical 
technique for the most common single-vessel MIDCAB 
operation, left internal mammary artery-left anterior 
descending (LIMA-LAD) grafting, with predictable re- 
sults. 
Patient Selection 
Candidates for this procedure are patients with (1) a 
previous CABG with failed saphenous vein grafts (left 
anterior descending [LAD], right coronary artery 
[RCA], obtuse marginal [OM]); (2) multiple vessel 
disease where CPB has a presumed high morbidity such 
as cancer, renal failure, diffuse cerebrovascular and 
peripheral vasculopathy, aortic atherosclerosis, old 
age, respiratory insufficiency, and chronic obstructive 
pulmonary disease; (3) restenosis after percutaneous 
transluminal coronary angioplasty (PTCA) and stents; 
or (4) unsuitable LAD, RCA, and OM for PTCA 
because of severe complex stenosis or chronic total 
occlusion. Evolving indications for MIDCAB are (1) 
MIDCAB with single-vessel grafting as part of a com- 
bined strategy with PTCA in patients with triple-vessel 
coronary artery disease; (2) MIDCAB with LIMA-LAD 
grafting as an adjunct to major noncardiac surgical 
procedures, eg, abdominal aortic aneurysm repair; (3) 
culprit” lesions (is complete revascularization neces- 
sary?); and (4) ischemic cardiomyopathy with an ante- 
rior wall ischemia. 
The ideal anatomic conditions for LAD-MIDCAB 
today are (1) LAD greater than 2 mm; (2) tubular heart 
on the chest roentgenogram; (3) thin chest wall with 
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wide intercostal spaces; (4) reoperative coronary by- 
pass with deteriorated saphenous vein graft; (5) totally 
occluded LAD with good collaterals to distal LAD; (6) 
noncalcified LAD; and (7) left ventricular dysfunction. 
Relative contraindications for MIDCAB are (1) intra- 
myocardial LAD; (2) diffusely calcified (< 1.5 mm) 
coronary artery; and (3) severe pulmonary hyperten- 
sion with large left ventricle. If LIMA-LAD MIDCAB is 
performed with these relative contraindications, graft 
occlusions are more likely to occur. 
Anesthesia and Intraoperative Monitoring 
Standard cardiac anesthetic techniques are used for 
induction and maintenance of anesthesia. Premedica- 
tion with clonidine (0.3 mg) orally before surgery has 
greatly enhanced this operation by providing a rela- 
tively quiet heart during the coronary anastomosis. 
Clonidine inhibits the central release of andrenergic 
amines and decreases the anesthetic requirements by 
about 30%, thus keeping the heart rate low with a 
decrease in blood pressure during coronary anastomo- 
sis. Recently, routine use of single-lung ventilation has 
helped to facilitate direct vision internal mammary 
artery harvesting with a reduction of harvesting time to 
approximately 15 to 20 minutes. However, caution is to 
be exercised in using single-lung ventilation in patients 
with severe chronic respiratory insufficiency because of 
an apparent increase in pulmonary complications when 
the lung is collapsed for longer periods of time. Cur- 
rently, we keep the lung down with single-lung ventila- 
tion only during the last 5 minutes of the dissection for 
exposure of the left internal mammary artery near the 
top part of the thorax beyond the second intercostal 
space. Anesthetic techniques are fine tuned to allow 
rapid awakening and extubation of the patient routinely 
in the operating room. Recently, we have begun to use 
epidural anesthesia and narcotics to facilitate extuba- 
tion and pain control. During the period of local 
coronary occlusion, depth of anesthesia is increased to 
decrease the contractility of the left ventricle, lower the 
blood pressure, lower the heart rate with the use of 
pharmacological agents, ie, esmolol, verapamil, diltia- 
zem and propranolol. We no longer use adenosine for 
intermittent cardiac standstill during the coronary 
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monitoring, continuous transesophageal echocardio- 
graphic monitoring of the regional left ventricular wall 
motion, and S-T segment mapping are performed dur- 
ing the entire procedure. Mixed venous oxygen satura- 
tion is continuously monitored in all of these patients. 
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anastomosis. In addition, during the period of local 
coronary occlusion and stabilization, we deliberately 
volume-load these patients in addition to P-blockade to 
diminish the movement of the heart surrounding the 
area of the local immobilization. Routine hemodynamic 
SURGICAL TECHNIQUE OF LIMA-LAD 
MIDCAB GRAFTING 
RIGHT LEFT 
1 The patient is placed in antero-lateral decubitus position with a 
20" to 30" tilt. A roll is placed under the left scapula and the buttock. 
The patient is rolled away slightly to the right and the surgeon stands 
on the left side to perform this operation. The fourth antero- 
endocostal space is marked with the magic marker for identification. 
A submammary incision of approximately 10 em is made underneath 
the nipple over the fourth intra-intercostal space with % of the 
incision medial and '/3 of the incision lateral to the nipple. 
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2 Subcutaneous fat is divided with a cautery, and the pectoris 
major muscle is incised down to the fourth rib. A self-retaining 
mastoid type of retractor helps to spread the wound. 
3 
underneath the lower border of the fourth rib by cautery. 
The fourth rib is identified and the intercostal space is divided just 
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4 The pleural space is entered laterally, the lung is collapsed, the incision in the 
intercostal muscles is carried medially layer by layer towards the edge of the 
sternum. 
5 A specially designed stabilizer retractor (CardioThoracic Sys- 
tems, Inc [CTS], Cupertino, CA) is placed in the fourth space. The 
antero-intercostal membrane is carefully incised with the cautery 
turned on to a lower level to expose the left internal mammary with the 
accompanying veins on either side. The. specialized stabilizer retrac- 
tor without the stabilizer is inserted into the endocostal space, parting 
the fourth and the fifth ribs slightly. 
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6 A specialized LIMA lift access retractor (CTS) is introduced in the fourth space. The long upper 
blade rests on the undersurface of the fourth and the third rib, and is placed as laterally as possible; 
the retractor is then spread gently to elevate the fourth rib upward and outward. A small roll of 
towel underneath the top blade of this retractor, which rests on the intraclavicle area, helps to keep 
the exposure steady without any slippage. The retractor pushes the fifth rib downward, thus 
creating a wide tunnel for direct access to the left internal mammary artery. We usually score the 
fascia on either side of the IMA pedicle, and use the lateral edge of the endothoracic fascia as a 
retractor toward the surgeon to continue the dissection all the way up to the first rib. Cautery is used 
to divide small branches, and larger branches are divided between the clips. 
7 When the internal mammary artery is isolated all the way 
up, one should be able to see the phrenic nerve, the aortic arch, 
and the mammary artery above the aortic arch. The internal 
mammary vein is divided between medium size clips as it joins the 
innominate or the left jugular vein, then the two medial pericar- 
dial branches of the left internal mammary are divided between 
small clips. The downward mobilization is only restricted to the 
undersurface of the fifth rib. 
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8 The IMA access retractor is then replaced with the IMA stabilizer retractor. The 
distal end of the internal mammary artery is clipped after giving heparin intravenously 
at 2 mgkg of body weight to keep the activated clotting time twice the control value. The 
internal mammary artery is prepared by intraluminal injection of 2 to 3 mL of verapamil 
(5 mg in 30 mc of heparnized saline) and papaverin hydrochloride in heparnized saline. 
The distal end of the mammary artery is clipped and attached to the upper medial edge of 
the wound either by 6.0 Prolene sutures (Ethicon, Inc, Somerville, NJ) or by fine 
hemostats. The internal mammary artery is allowed to autodilate during the preparation 
of the left anterior descending coronary artery for anastomosis. 
8 V.A. SUBRAMANIAN 
9 The pericardium is incised approximately 1 to 2 fingerbreadths lateral to the internal 
mammary artery pedicle. Usually, one can see the left anterior descending artery and vein 
through the pericardium. The pericardium is incised widely, and suspended by traction 
sutures. The lateral traction sutures are usually pulled upward to the upper part of the 
wound; this rotates the heart and brings it to the surface for easier anastomosis. Two Silastic 
(QuestMedical, Inc, Dallas, TX) loops on a blunt needle are used to encircle the LAD 
coronary artery, one proximally just beyond the major diagonal, and the other approxi- 
mately 1 cm below. The looping sutures are placed wide to include the LAD and the 
accompanying vein in the epicardial fat. Local occlusion is carried out and ischemic 
preconditioning is performed with 5 minutes of occlusion followed by 3 to 4 minutes of 
reperfusion. During the ischemic preconditioning, one should monitor S-T segment changes 
and left ventricle wall function by transesophageal echocardiography. In our experience, 
minor S-T changes occur infrequently. 
MlDCAB FOR SINGLE VESSEL CABG 9 
10 The retractor is already in place and the CTS stabilizer is then lowered into 
position during the ischemic preconditioning to assess the adequacy of the stabilization. 
This is done by fine tuning the depth of compression by the horizontal foot plates of the 
stabilizer. When it is perfectly stabilized, the myocardium, which is included within the 
two blades of the stabilizer, should not move, especially in the vertical direction. At this 
time, if necessary, radial epicardial No. 4 Ticron sutures are placed on either side of the 
LAD coronary artery in the epicardium, and are pulled laterally for further immobiliza- 
tion. After the 5 minutes of ischemia, the Silastic loops are released and 3 to 4 minutes of 
reperfusion are allowed. During this time, the internal mammary artery is clamped with 
the bulldog in the middle part of the pedicle (not seen), and the tip of the internal 
mammary artery is trimmed, spatulated, fashioned and prepared for anastomosis. After 
3 to 4 minutes of reperfusion, Silastic loops are again pulled, local occlusion is carried 
out, and the stabilizer is further fine tuned to have a perfect immobilization of the 
coronary artery target site between the two blades of the stabilizer. 
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1 1 With the small fine-pointed scalpel, the arteriotomy is made roughly 4 to 5 mm in length, the 
anastomosis is performed with the 8-0 continuous Prolene sutures, starting at the left side of the heel of 
the coronary artery and the internal mammary artery. The mammary artery is parachuted down to the 
coronary artery and the anastomosis is finished, usually in the middle part of the left side of the LAD 
coronary artery toward the surgeon. Before tying, the sutures Silastic loops are released, bulldog 
clamps are removed, and the stabilizer is left in place to ensure adequate flow through the anastomosis 
when the mammary artery is open. 
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1 1 (Continued) The sutures are tied and any bleeding points for anastomosis are checked. With the 
stabilizer in place, it is easy to place additional sutures if there are any leaks at the anastomosis site. 
The stabilizer is then removed, and the two ears of the pedicle near the anastomosis are tacked to the 
epicardium, making sure the landing angle of the internal mammary artery to the LAD is roughly 
around 30". The pericardium is again incised superiorly, 1-cm parallel to the phrenic nerve to allow the 
pedicle to lie along the medial surface of the lung. The lung is inflated to insure that the mammary 
artery is in a gentle curve along the phrenic nerve. Heparin is neutralized with protamine if there is any 
obvious increase in oozing. Hemostasis is secured adequately in the wound in the usual fashion. 
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12 An intercostal block with local anesthetics is used at the end 
of the procedure, the muscles are closed in layers, and the 
subcutaneous tissues are closed in the usual fashion. The patient is 
usually extubated in the operating room. Intraoperative flow mea- 
surement is optional; we rely on early angiography and transtho- 
racic echocardiographic Doppler analysis of the IMA flow within the 
first 36 hours. 
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RESULTS 
Between April 1994 and September 1997, 290 patients 
with a mean age of 66 2 12 years (range, 36 to 93 years) 
underwent MIDCAB in our institution. Anterior mini- 
thoracotomy, subxiphiod, lateral minithoracotomy, and 
right-sided bucket-handle ministernotomy incisions were 
performed. The IMA, gastroepiploic artery, and radial 
artery grafts using pharmacological bradychardia, lo- 
cal coronary occlusion on a beating heart with immohi- 
lization of coronary arteries with traction sutures and 
mechanical regional cardiac wall immobilization were 
done. Preoperative risk factors included unstable an- 
gina (43), postmyocardial infraction angina (70), isch- 
emic cardiomyopathy (14), emergency acute myocardial 
infraction (3), reoperative coronary bypass grafting 
(Sl) ,  congestive heart failure with angina (59), poor left 
ventricular function with ejection fraction < 30% (71), 
chronic mitral insufficiency (36), renal dialysis ( 5 ) ,  
prior cerebrovascular accident (39), severe chronic 
obstructive pulmonary disease (61), prior pneumonec- 
tomy (2), diffuse vascular disease (69), calcified aorta 
( l l ) ,  severe pectus excavatum (l), and adjunct carotid 
endarterectomy (3). Clinical priorities for MIDCAB 
were elective in 52.9% of the patients for chronic stable 
angina, elective in 5.1% of the patients for ischemic 
cardiomyopathy, were urgent for postmyocardial infrac- 
tion and unstable angina in 41% of the patients, and an 
emergency MIDCAB was necessary for 1% of the 
patients. Clinical indications for MIDCAB consisted of 
high-risk comorbid factors prohibitive for cardiopulmo- 
nary bypass in 78 patients, reoperative coronary by- 
pass grafting with high risk factors for CPB in 81 
patients, restenosis after PTCA and stenting in 95, 
religious affiliation (Jehovah’s Witness) in 7 patients, 
and unsuitable proximal LAD for PTCA and stenting in 
15 patients. Conversion rate to midline sternotomy with 
cardiopulmonary bypass in the entire series was 4.8% 
(14 of 290 patients), and in the recent 190 consecutive 
cases this improved to 1.6% (3 of 290 patients). There 
has been no mortality in the converted patient popula- 
tion. Among the 14 of the 290 patients who underwent 
conversion sternotomy, only 1 patient, an 83-year-old 
woman with diffuse vasculopathy, had conversion for 
bradycardiac arrest during LIMA-LAD grafting. This 
patient had successful completion of this operation via 
sternotomy with CPB. Five of the 19 (26%) patients 
who underwent right internal mammory anastomosis 
radionuclide cerebral angiogram (RIMA-RCA) grafting 
through right-sided anterior minithoracotomy were con- 
verted to sternotomy for technical difficulty. The remain- 
ing eight patients, who underwent RIMA-RCA, were 
converted for intramyocardial LAD (3), fatty heart ( l ) ,  
LIMA injury (3), and bleeding at the LAD proximal 
occluding snare site (1). The fact that only 1 of the 250 
LIMA-LAD graft patients with MIDCAB underwent 
conversion for hemodynamic deterioration confirms 
our impression that the local coronary occlusion for 
LAD was well tolerated. We believe this is a result of 
ischemic preconditioning, which has been routinely 
used from the onset of our experience in MIDCAB. 
A conversion to a sternotomy rate of 26% for 
RIM-RCA MIDCAB grafting via right anterior thora- 
cotomy is usually a result of diffuse disease and the 
difficulty with the immobilization of midRCA. This 
combined with a very high early occlusion rate of 20% 
with the RIMA-RCA graft done by this incision, leads us 
to believe that this operation should be performed only 
in very rare instances where the RCA is of a good 
caliber and quality and in patients with a short angina 
pectoris diameter of the chest. Higher patency rate of 
92% with right gastroepiplote (RGE) to distal RCA or 
posterior descending artery (PDA) combined with the 
lack of any conversion to sternotomy suggests that 
inferior MIDCAB may be a better approach to RCA 
grafting. Recently, right-sided bucket handle minister- 
notomy incision has been successfully used in 5 patients 
for reoperative right mammary coronary grafting to the 
mid and distal RCA with 100% early graft patency. In 
right coronary artery grafting, we prefer to operate on 
patients with totally occluded proximal right coronary 
artery with collaterals from the left side to the distal 
PDA and the distal and midRCA. Cardiac-related 
operative mortality was 1.1%. The number of coronary 
artery anastomosis per patient was single in 237 pa- 
tients (86%), double in 38 patients (14%), and triple in 
1 patient. 
Postoperative complications were infrequent. Of in- 
terest is the extremely low incidence of neurological and 
renal complications (1 of 276 patients), and lower 
incidence of atrial fibrillation (20 of 276 patients). 
Angiographic and transthoracic Doppler flow of the 
anastomotic patency results at 36 hours postoperatively 
were performed in 96.7% of the patients with an overall 
patency rate of 92%. 
Before March 1996, when only conventional immobi- 
lization techniques were used, the angiographic patency 
of LIMA-LAD grafts was only 86%. Since March 1996, 
the regional cardiac wall immobilization platform (Car- 
dioThoracic Systems [ CTS]) stabilizer was routinely 
used in the consecutive series of 124 LIMA-LAD MID- 
CAB patients, with early angiographic patency improve- 
ment to 97.1%. The only four occlusions that occurred 
in this group were a result of intramycardial LAD, 
extremely calcified coronary artery with 1.5-mm diam- 
eter dissection of left internal mammary artery during 
the harvesting, and in a patient with a platelet induced 
thrombocytopenia with white thrombus in the anasto- 
motic site and the native LAD after the operation. 
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Thus, the graft quality and the proper selection of the 
target site will be the sole determining factor for graft 
occlusion when mechanical immobilization platform is 
used. Fifteen patients with LIMA-LAD grafts had patent 
grafts at 36 hours, and have been sequentially studied 
at 6- to 9-month interval; all grafts were found to be 
patent. During a mean follow-up period of 12.4 5 7.4,4 
patients died at 1, 3 ,3 ,  and 7 months. Of the remaining 
247 patients, cardiac event (PTCA, reoperative CABG, 
readmission with the recurrent angina, and congestive 
heart failure) free interval was 95%. 
Preliminary analysis of economic impact of a MID- 
CAB compared with the elective uncomplicated conven- 
tional coronary artery bypass in our institution has 
shown a consistent reduction of the hospital cost by 
approximately 50%. The LIMA-LAD grafting is the 
most important operation, which has been advanced by 
the MIDCAB technique. Currently at our institution, 
this operation is done in a fashion that closely mimics 
the routine conventional coronary bypass surgery by 
midline sternotomy technique except for the incision 
and the elimination of cardiopulmonary bypass. The 
patency of lateral MIDCAB using radial artery from the 
descending thoracic aorta to the marginal branches of 
coronary artery has been excellent. We have done this 
in 12 patients with the mechanical immobilization 
platform, and in six without the immobilization plat- 
form; overall patency rate is 100% and 92%, respec- 
tively. Excellent exposure obtained in 8 patients oper- 
ated by midlateral MIDCAB incision as indicated in 
Fig I, offers another way of approaching both circum- 
flex and LAD in patients with left main stenosis where 
composite grafting of LIMA radial graft to the LAD and 
circumflex branches have been successfully performed. 
Currently, we are exploring the possibility of dissection 
of the right internal mammary artery through the 
midlateral MIDCAB incision for bypassing the LAD 
system with the right internal mammary artery and 
grafting the circumflex system with left internal mam- 
mary artery. 
Multiple grafting by midline sternotomy on a beating 
heart with the new stabilization platforms has been 
increasingly performed by many surgeons in North 
America and the preliminary results seem to be satisfac- 
tory. MIDCAB grafting in primary elective o r  urgent 
reoperative coronary bypass patients is a safe and 
effective procedure with good early clinical results, 
especially with the LIMA-LAD grafting. Regional car- 
diac wall mechanical immobilization must be incorpo- 
rated as a standard part of the procedure in all 
MIDCAB grafting procedures to assure good graft 
patency. Critical evaluation of immediate, as well as 
long-term angiographic results of this operation, are 
important. 
Currently, the LIMA-LAD MIDCAB technique is 
standardized at our institution with excellent early as 
well as midterm clinical angiographic results. Extension 
of this technique to double grafting including diagonal 
and ramus intermedius branches is encouraging. We 
believe that in the next 5 years at least 30% to 40% of 
Fig I. Minimally invasive ineisional approaches. 
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coronary artery bypass surgeries will be performed 
ster- 
notomy for multiple vessels O r  by strate&J$‘ placed 
minimal access incision for single o r  double grafting. 
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